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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

BACKGROUND OF THE INVENTION 

There are various ways of sensing the rotation of an induction motor. Tachogenerators, 
resolvers and Hall-effect sensors are some of the conventional sensing devices. But all 
such sensing methods necessitate -entail the use of additional hardware on the induction- 
motor frame itself In many applications, where there are physical or cost constraints, it 
may not be possible to use additional sensing devices on the motor frame. In existing 
fflaeh mes, due to phy s ical-constraints, it io, many a time, not possible to do hardware 
modifications on tho mechanical design When an induction motor is being driven by 
using a variable-speed AG drive, it is possible to define or estimate e^tim^ dpfinn nr 
-knew- the angular movement of the rotor. But when the power to the drive is turned off, 
and the induction motor keeps rotating either due to its rotor's moment of inertia or due 
to some external mechanical force, it is not possible to sense the angular movement of the 
rotor of the induction motor without the use of an extra device coupled with the frame of 
the induction motor. 

In many applications, it becomes essential to be able to detect -sense the angular 
movement of the rotor of the induction motor after electrical power driving the motor has 
been switched off -ef£ Like in the case of the high-rpm induction motor driving high- 
speed grinding wheels resting on oil-fed hydrostatic bearings. At4he4kn cs of sud den 
. pow e r failure, if the grinding wheels, gre in rntitirm ft in onnontinl to continue oil supply 
- to the»hydrostatic bearing . As there are physical constraints to » introducing an 
additional conventional sensor in the above-mentioned example, a solution is needed to 
sense the angular movement of the driving induction motor's rotor, the present invention 
was-s ucces s fully - introduced, which utilized tho driving induction motor itself a s a s e n s o r 
for the rotor's angular movement. There are low-cost areas of application, like electrical 
saws and industrial blowers; where the easy sensing of rotation of the driving induction 
motor after electrical power to the motor is withdrawn can provide a safety interlock 
without any - the advantage would bo that no alteration in the has to be don e-in-the 
•electFe- mechanical construction of such equipment. 
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BRIEF SUMMARY OF THE INVENTION 

The rotor of a common -any induction motor is in the form of multiple shorted secondary 
windings of a transformer. The electrical conductor is made either of aluminum 
- Aluminium or copper: Copper: the magnetic circuit comprises of silicon-steel -Sftjeon- 
Steel- stampings stacked together. When power is switched off to an induction motor, the 
residual magnetism of the silicon-steel Si licon Steel stampings form multiple poles on 
the angular face of the rotor. These multiple magnetic poles induce minute electrical 
current in the stator winding windings just like as it happens in a small alternator. The 
frequency of the output voltage generated in this manner is directly proportional to the 
angular velocity movem e nt of the rotor of the induction motor. Contactors and relays are 
arranged in a manner so that this sensor voltage could be directed to an amplifier and/or 
counter to be able to draw inference from the sensor signal. 

Neariy- four years back the object of the invention was to - give a starting command to 
a th r ee - phase battery driven inverter to k e ep running th e oil - pump motor till th e time the 
■ grinding wheels of a Toyoda* Cam Grinding Machine come to a stop. These grinding 
■ wheels rested on ^precision hydrostatic bearing to which the oil pump con s tantly k ee ps 
pumping oil. In a hydrostatic bearing, maintaining a required oil pres s ure in the bearing is 
a must; and th e ab se nce of which e ven for a bri e f whil e damag e s the expen s ive bearing, 
making it unserviceable. 

During the last four years the invention has been implemented on s everal s imilar 
m a chines to obtain the same objective s as d e scribed abov e . The absence of any external 
device on the induction motor makes this invention particularly easy to implement. Many 
a time it is physically impossible to accommodate any piece of hardware in and around 
an induction motor; in these circumstances the present invention could be of particular 
use. In addition, in applications where e ven when the motor is not powered, -bttt mid is 
rotating due to some other mechanical linkages, this invention could be used to detect 
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^ttantiiy that movement without putting *mng any conventional additional device on the 
motor like taohogonorat e r, r e solv e r or encoder - thus saving both cost and space. 

This invention successfully solves the problem of detecting during a power outage 
the rotation of the totor of the spindle-driving induction motor in a grinding machine with 
hydrostatic bearings supporting the spindle, which holds big grinding wheels. The 
impossibility of fitting a sensor in the extremely harsh conditions near the grinding 
wheels means having a sensor on the spindle-driving induction motor, which is 
physically very difficult. Any alteration in the mechanical mounting of the spindle- 
driving induction motor could disturb the mechanical alignment, which is absolutely 
necessary for a satisfactory operation of the grinding machine. This invention obviates 
the need to even touch the mechanical parts of the grinding machine and solves the 
problem by using the spindle-driving induction motor as a sensor to detect its own 
rotation during a power outage to be able to give command to a battery-powered inverter 
to commence electrical supply to the oil-pump motor supplying oil to the very expensive 
and critical hydrostatic bearings supporting the spindle. 



* : Fe yoda Machin e Works Ltd, - Kariya, Aichi, Japan 
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DETAILED DESCRIPTION OF THE INVENTION 

In most of the general-purpose induction motors, the rotor is of squirrel-cage 
construction, arrang e m e nt , where the shorted secondary windings of the induction motor 
are placed. The primary winding generally is on the stator. The magnetic circuit of the 
induction motor consists of silicon-steel Silicon Stool stampings stacked together to 
reduce eddy-current losses in the magnetic circuit. After an induction motor is switched 
off from the mains supply, theoretically, the residual magnetism of the ferro-magnetic 
magnetic circuit tends to be zero. Still, little bit of residual magnetism remains in the 
rotor as well as the stator. Weak but distinct permanent magnets magnets: formed on the 
rotor, make the induction motor rotating without electrical driving power -power: function 
as an alternator producing weak but distinct electrical waves. Till now, this miniscule 
signal either used to get sunk in the mains power lines, or-and went unused, in the 
absence of a scheme to utilize it ^t nob so rvod The voltage Voltago and the frequency of 
this tacho generator signal is proportional to the rpm of the induction motor running due 
to its moment of inertia in the absence of any external electrical driving power, -mettle 
fe rc e- . Gradually the rotor of the induction motor comes to a halt. With this Thic is whon 
the signal coming out of the stator winding stops. Generally, the rms value of this signal 
voltage is between 30 and 0.1 Volts for practical sensing applications to be successfully 
implemented. At voltage Vefcage levels below 0. 1 Volt, the noise voltages Voltagos 
interfere, and discrimination of the signal deteriorates. In the case of a three-phase 
induction motor, mostly, there is Moat of the throe phnr , o induction motor mipply 1i«r><v 
4*ave a contactor in series with the mains supply to turn the induction motor on and off. 
Even when the induction motor is being driven by a variable-speed drive, usually there is 
a three-pole thr ee polo contactor in conjunction with an over-current relay Qvor-Current 
-Relay to turn off the induction motor in case of emergencies. This contactor (CN 1 in 
FIG. 1) in series with the mains supply to the three inputs U. V and W (U, V, W in FIG. 1) 
disconnects the motor from the mains supply as soon as the mains power is disconnected 
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or turns is turned off. At this instant, instanc e , two connections connexions to any two of 
the three inputs U, V and W (FIG. 1) going through two independen t normally closed 
■ normally clo s ed contacts of a relay or a contactor reach the tachogenerator signal from 
the induction motor acting as a residual-magnet alternator to an amplifier and/or counter. 
This two-pole^double-throw contactor or relay (CN 2) is of much lower current rating 
than the main motor-control contactor CN 1 in FIG. 1. CN 2 and CN 1 could be driven by 
any logical signal or directly by the mains supply. 

Due to high moment of inertia, in certain many cases, induction motors connected to 
a flywheel fr ee wh e eling load 4 oads like a high-speed grinding-wheel stack assemblies 
keeps ieeep rotating revolving for nearly 10 minutes before stopping fully . In this case, 
the self-generated tachogenerator signal from the induction motor would be available 
throughout those 10 minutes after a mains power failure. In tho case of thia aclfi 
generated tacho signal being amplified after a mains power failure, The the amplifier 
and/or counter for this tachogenerator signal would need needs to have a power source. 
source in the form of a rechargeable battery or a high-value capacitor. This could be 
incorporated in the amplifier section in the form of appropriate re c harg e able battery or a 
high value su p er capacitor. 

In some applications - as was the case or providing starting trigger voltage Voltage 
to a battery-powered, three-phase inverter -fcJPJr - the self-generated tacho generator signal 
can be directly applied after simple full-wave rectification utilizing a bridge rectifier. In 
such applications, th e UPS or the battery-driven inverter or the UPS runs for a preset time 
after receiving a start signal from the self-generated tacho generator output of the 
induction motor whose angular movement was to be detected, known. 

In the application of this invention, invention it is important that three-core or twin- 
core -twin-core shielded cable is cables arc used to wire CN 1 to and the motor M (in Fig. 
1). Number of cores in the shielded cable depends <depend-upon whether the motor in 
question is a single-phase or three-phase one, singl e phase or thr o o phase. The external 
shield of the cable has to be grounded, preferably, on both the ends. 

When an amplifier and/or counter is used to process the self-generated 
tacho generator signal from the application motor, it is important to have an over-voltage 
ovorvoltago protection circuit at the front end of the amplifier and/or counter module. 
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This would prevent the amplifier from getting damaged if the relay contacts of CN 2 
(FIG. 1) got get stuck; in that case full motor supply voltage Voltage would will appear on 
*at the input of the amplifier Amplifier and/or counter. 

The Most of the windings of most of the induction motors are of fairly low 
impedance, impodonco. This improves the signal-to-noise signal to noioc ratio of the self- 
generated tachoganerator signal coming out of the motor stator windings. Furthermore, 
induction motor housings are electrically and magnetically fully shielded; which prevents 
external sources of noise from breaking in. The robustness of construction, low source 
impedance imp e dcnco and ease of use make this self-generated tachogenerator output 
from any induction motor a more suitable solution in some mains hold-up or power-off 
applications compared to the use of an additional sensor with the induction motor to 
detect feaew-the angular movement of the rotor of the motor. 

In another addition to the application, CN 2 in FIG. 1 could be of 3-pole type. The 
three-phase self-generated oolfgoncratcd tacho generator output is sent to a phase- 
discriminatin g ai* amplifier discriminator to detect the phase relationship between the 
three signal phases. This will logically indicate the direction of rotation of the rotor of the 
induction motor. 

In comparatively smaller-capacity induction motors, the use of CN2 could be 
avoided by using CN 1 contactor with auxiliary awrilliary normally closed normally 
clos e d contacts. In large contactors, auxiliary auxilliary contacts would gradually get 
deposited with residues left out of the repeated arcing taking place during the make-and- 
break operation of main contacts, t e nd to catch depo s its emanntflrf nut nf thn mai n motor 
- contacts ? - make and break. 



6 



APPLICATION NO.09/933,542 FILING DATE:08/2 1/2001 EXAMINER-JOSEPH WARS MAILING DATE 05/22/2003 



CLAIM CLAIMS 



What I claim as my invention is: m nim Nmiii Im ■ n n i i n gt ^ p r 0 pe rty o f any 

i n duction motor to act ac a n alternator, when rotating „r;th^ 1tt t h o drhin£ 0 i oc trical 
power, providi n g l ow power alternating en-rent n.^^ th f > frr qn rnr]- nn d v o l tage uf 
whi c h is proportional t o the ann ul ar .need nf tn» rot™- »f *h» Vi cti m! mot o r, and th e 
alt e rnation of ph aro s n f the three nhw iltcrnorin r i r m , ym v i t hlJ u U h thu 

■di rection of rota tio n of the ma g netic fi e ld which i< in lo^i ^ t ~ th r rnt1 1 ti nn of t h c 

(D epe nd en t C laim Number 1 > To utiliTc the ^ P o„™- ,iw^ t Hfl n i rrm output 
from the inducti o n motor bei n g, generated in condition rWrih^ ;„ nn i m Nt i mb c r 1? 
use o f one or tw o multi pole electr o magnetic mritrhpc tn . ^ fl ngrnir r Tn t tut t h o 
l o w - power alternating ci i rrcnt outnnt heinrr generated h y +h.» — K nn i~nl T1 y tatinn „ f th e 

r o tor does not rink into tho cxtremnhr inn, impoH rm rn r n i , pr | 3 r m [ } k 

routed as a s inna l t o some pr o cess - control mnH,,l^ or n^ p. ^ ^ th nr 1 r j t no i l t 3 
- display . 

1 An arrangement for using a si ngle- p h a s e or three-p hase induction motor as a sensor to 
sense mechanical rotation of said induction motor's rotor bv utilizing low-pnwpr 
alternating current generated i n the st at or win ding or windings of said induction motor hy 
mechanical rotation of the rotor of said inducti o n motor at the tj me of sa jd induction 
motor's driving electrical powe r compl ete ly disc onnected from said induction motor for 
the purposes of process control and/or disp la y of said rn tor's mechanical rotation 
comprising: 

said single-phase or th ree-phase induction motor; 

two sets of electromagneticallv op erate d switches: wherein first set of 

electromagnetically operated switches with a t least one set of contacts in case of ca id 
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induction motor of single-phase type, or at least two sets contacts in case of said 
induction motor of three-phase type, opens the low-impedance path for the low-power 
alternating current, generated by the mechanical rotation of the rotor of said induction 
motor in the absence of its driving electrical power, to the source of said electrical power 
and various transforming and/or driving elements thereof: the second set of 
electromagneticallv operated switches with at least one set of contacts which closes in the 
event of said first set of electromagneticallv operated switches having opened due to an 
electrical command to it or due to an electrical power outage. 

allows for the routing of aforementioned low-power alternating current ganerated bv said 
induction motor in aforesaid condition, as a signal to any process-control device or 
equipment regardless of said signal's manifestation in the form of any alarm or display: 
whereas f or complete electrical isolation between said alternating current signal produced 
bv said induction motor in said condition and the source of said electrical power together 
with various transforming and/or driving elements thereof, the numbers of sets of 
contacts in aforesaid two numbers of sets of electromagneticallv operated switches are 
incremented bv one apiece. 
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ABSTRACT OF THE DISCLOSURE 

In order to determine the angular movement of an induction motor^t is generally 
necessary to connect some kind of sensor in the form of a tachogenerator, resolver or 
encoder. Some variable-speed drives determine the angular movement bv assessing the 
wave shape with tho holp of tho dictortion in tho wavoohapo generated by the drive when 
approaching a pol o inoido th o driving an induction motor. In this invention the Thia now 
method of sensing is different in twowavfe- wavs. One, it uses the hardware of induction 
motor itself as a low-power alternator producing alternating-current output with its ^f 
frequency and voltage proportional to the rpm of the induction motor. Two, this method 
«nly- works only when the mains supply to the motor is removed either in a planned 
manner or accidentally. The method of self tachogeneration by an induction motor has 
been successfully utilized in the implementation of an uninterrupted power supply to 
keep supplying oil to a hydrostatic bearing in the case of sudden mains power outage 
failur e . Th o uoc of thi n method wimrwi the itp<? ™i y in^-rrting irh e " —"Hyi ng n 

s ignal from the induction mntnr rnt-atinp the iirge ^"^"C vfhrrtt! mounted on th o 
■ bearing. In the ca s e of t h e minding wheel? nt -i ctanHctiii th* i™*^ 0 f t n e jjp$ ^ ou i^ 
not start in tho cane of a sudden power failure . This property of an induction motor acting 
as a low-power alternator is due to some residual magnetism 4eft in the ferro-magnetic 
forromagnotio circuit of the squirrel-cage rotor. To implement this invention. *me*W a 
set of electromagneticallv operated a changeover switches are switch in required, so that 
the low-power tac ho g ene r ator signal from nolf tnnljfc minntirm h y the induction motor 
does not sjnk g e t sunk in the low imp edance low impodonoo of the mains power, mains 
This invention enables the detection m-inp th™ nn n , mn *u n * ^ n j\ Tf > nion 0 f ro ta tion 
and tho amount of the angular movement can bo det e rmined of any induction motor 
coming to a standstill after a mains outage. fee4dt*p or rotating due to some external 
mechanical force on the rotor. As a result, an -Aw-indnrrinn motor when not supplied with 
electrical power -fwmmg can double up as a tachogenerator to sense -some othor a 
movement to which it is linked m echanically in many machine-tool and industrial 
applications. 
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